SpirochEetes from cases of tropical ulcer have been cultured in a modified Wenyon media and have now been successfully passed through thirty-two subcultures.
NUMEROUS attempts have been made to cultivate the spirochaetes, Treponema schaudinni (Prowazek), which are associated with the condition known as tropical ulcer. Miihlens L1] probably was the first to obtain a mixed culture of spiroch3ates and fusiform bacilli with material taken from a case of tropical ulcer. After three subcultures the spiroch30tes died out. Sanarelli [2] was successful in cultivating spirochates from material derived from guinea-pigs. He regards these as being identical with the organisms found in tropical ulcer. Fox [31 working in India on Naga sore was able to cultivate spirochates in one instance anaerobically. Tunnicliff [4] and Pilot and Brams [5] have described cultures of spirochaetes obtained from mouth-lesions, which are of a similar nature to those present in ulcus tropicum.
In Lagos material was obtained from typical cases of ulcer, and attempts were made to cultivate the organism in semi-solid serum, ascitic and hydrocele agar, but were entirely unsuccessful.
Later, a slightly modified Wenyon media was used with positive results. The composition and preparation of the media is as follows:
Normal saline 320 c.c., 2% nutrient agar, 40 grm. These are mixed in a 500 c.c.
flask and autoclaved at 1200 C. for ten minutes. After cooling to approximately 370 C., 15 c.c. of fresh human blood are added to it. The contents of the flask, after agitation, are distributed by sterile syphon into culture tubes. At first, long narrow tubes were used and were almost completely filled with the media. This was found to be unnecessary and ordinary test-tubes, half filled with the media, are now used. Before use the culture tubes are incubated for forty-eight hours, at 37°C., to ensure sterility.
IUsually the media forms a delicate coagulum in each tube. This seems eminently suitable to the requirements of the organism, for when, as sometimes happens, the blood retracts into a firm clot, leaving a clear layer of serum above, growth is not so readily obtained. The inoculum is obtained in the following manner. A typical case of tropical ulcer is obtained and the lesion cleared of all gross superficial contamination by means of swabs soaked in sterile water. By gentle application of a tourniquet to the limb, above the ulcer, a clear serou3 fluid is made to exude therefrom and is collected by means of a sterile pipette. From 0 5 to 1 -0 c.c. of this fluid is introduced into the upper half of the column of media in each tube inoculated. The tubes are incubated aerobically at 370 C. and the contents are examined by the dark-ground after three days for the presence of living spirocheetes. The inoculum before use is also examined by the dark-ground method to establish the presence of numerous actively motile spirocha.tes. By making subcultures en route, and maintaining them at a suitable temperature, two strains were brought to England and have now been passed through thirty-two subinoculations, made at intervals varying from four to ten days. From a continued examination of these cultures the following facts have been elicited DEC.-TROP. Dis. 1
(1) The spirochmtes are aerobic. (2) The optimum temperature for growth appears to be 370 0., but a strain was maintained in Lagos at room temperature (27°-30°(C.) for a period of one month. Growth was not noted in cultures kept at 00 0. (3) Subcultures are best made every fifth or sixth day. (4) Growth was obtained with difficulty in serum-agar stabs (agar 2 parts, serum 1 part) and after tbree or four subcultures the spirochetes died out. (5) The organism can be cultivated in a media in which the human blood is replaced by rabbit's blood, but the results are not so certain. (6) The longevity of the organism in the media described and at 370 C. varies greatly. Most of the cultures examined showed no active forms after twelve days. In some, however, living forms were seen after eighteen days' incubation and in one instance after twenty-seven days. It has not been found possible as yet to obtain pure cultures of the spirocheate. The fact that the organism is aerobic and that its growth in solid media is very uncertain renders the problem of isolation a difficult one. It is hoped that by the application of Barber's single-cell technique to the material obtained from the lesions, as described, a pure culture will eventually be obtained. It is possible, of course, that this spirocha?te requires the presence of other organisms for its growth. Inoculation Experiments.-Although it was not possible to obtain the spirochbtes in pure culture it was thought advisable to carry out some preliminary Table- experiments A, B, C); (2) anaerobic mixed cultures of fusiform organisms and pseudomonas (see Table- experiments D, E). Further,in the case of all the experiments made, the opposite arm was injected with a "control" which consisted of a strain of Bacillus pseudomonas grown in pure culture in the modified Wenyon media.
This control served to exclude possible results due to protein shock or to the action of B. pseudomonas alone. No general reaction was noted in any of the five patients inoculated, the reaction being entirely localized to the experimental site. The control side remained negative tbroughout with the exception of case E, in which a mild boil-like lesion occurred without any ulceration.
Ulcers were produced in the five inoculations made, being particularly well marked in C and D. These ulcers resembled, clinically and microscopically, the type known as tropical ulcer. The natives concerned, being hospital patients, were well fed during the time involved in the experiments and the areas were kept covered with dry dressings or hot fomentations during the active period. Were it not for these applications the lesions might have pursued a more aggravated and prolonged course. The inoculum used was always examined by the dark-ground prior to inoculation.
As volunteers were difficult to obtain, the number of inoculations made was necessarily limited but it is interesting to note that two of the subjects were suffering from tropical ulcer at the time of the investigation and one was convalescent from the same condition. This suggests that the condition affords no immunity to those affected.
Since pure cultures were not available for the experiments described it is impossible to draw any definite conclusions therefrom. They show, however, (1) that the spirocheetes in mixed culture are capable of active proliferation when inoculated into the skin of a suitable subject and can produce a lesion resembling that known as tropical ulcer; (2) that the fusiform bacilli in a mixed culture, free of spirochaetes, can also proliferate under similar conditions and can produce similar lesions; (3) that B. pseudomontas, in pure culture, has little or no pathogenic power when used as described.
It remains to be shown whether the spirochoetes, if capable of being grown in pure culture, can give rise to lesions in man. Smith [6] working with fusospirochaetal diseases of the lungs, has shown that neither the spirochsete nor the fusiform bacillus alone can produce infections in mice or guinea-pigs, whereas positive results are obtained when the above organisms are mixed with a vibrio and an anaerobic streptococcus.
It has yet to be proved that the spirochaetes and fusiforms are stages of the same organism or that they are distinct from one another. A study of the literature will reveal the variance of opinion on this important point. Sanarelli (1930) had studied a similar disease in pigs. In treatment it was found that the intravenous injection of arsenicals such as neosalvarsan had little or no curative action, but if the preparation were injected locally, or applied as a dressing, the results were frequently very satisfactory and in some cases produded a complete cure.
Dr. BROUGHTON-ALCOCK said he congratulated Dr. Smith-who had read this paper at his (the speaker's) request-on some new observations on ulcus tropicum. The successful culture of S. vincenti was the first and should help to elucidate the etiology of this phagedenic lesion. He (the speaker) was fortunate in having seen a late culture of the spiral form in which the characteristic polymorphism of the spirochente was manifest. He believed that the cyclic stages of the spirochfete included the so-called B. fu8iformi8, and the successful reproduction of the lesion in volunteers with either spiral or fusobacillary forms seemed to support this view. The finding of the latter only in the lesions produced after its inoculation was difficult to interpret, except on the grounds that the fusobacillary forms tended to predominate at the surface and the spiral forms to penetrate the deep tissue.
Possibly it was the surface exudate that was examined. [Dr. Broughton-Alcock referred to the successful re-implantation results of Onorato and others, and discussed the questions of insufficient and inadequate diet, which he considered to be an important contributory factor.] The common sites of the lesions in man seemed to vary with the class of employment, in the endemic areas, and the abrasions thereby incurred.
Sir ALDO CASTELLANI said that he found sulfarsenol, given by intramuscular or intravenous injection useful at times, and asked if Dr. Smith had carried out any investigation as to the means by which the infection was carried: was it by contact, or through some insect carriers, or other animal carriers ? Prowazek believed that the spirochEete was carried by leeches.
Dr. HUGH STANNUS said he believed that spirochiete-fusiform infections occurred naturally only after some injury, and that vitamin deficiency and calcium-phosphorus imbalance were important predisposing factors.
Excellent results had been obtained in the treatment of varicose ulcers by the use of electroplast bandages. Had an antigen for diagnostic cuti-reaction been prepared? and did spirochaetes reappear when anaerobically grown B. fusiformi8 was subsequently cultured aerobically ?
Dr. N. HAMILTON FAIRLEY considered that Dr. Smith's experiments supported the view that tropical ulcer was of infective origin and directly transmissible through local inoculation. He asked if Dr. Smith had filtered his cultures and subsequently tested the infectivity of the filtrate.
Dr. ANDREW ROBERTSON said he would like to ask Dr. Smith whether, in his opinion, there was a diminution in the virulence of Treponema schaudinni as a result of cultivation over a prolonged period, and, secondly, if Dr. Smith considered that T. schaudinni possessed a degree of host specificity. He asked these questions in view of his experiments (carried out with Dr. Smith's strain of spirochietes in culture) on rabbits. Intradermal inoculations of the cultured treponemata into rabbits, on the back, the groin and the scrotum, had all proved to be negative despite the fact that, in some instances, local damage to the tissues had been previously produced by injection of a minute quantity of a dilute solution of potassium hydroxide. Small necrotic lesions, which healed rapidly, formed at the sites of injection of the alkaline solution, but in none of these could spirochietes be discovered, nor did typical "tropical ulcer " result.
Further, attempts to continue the cultivation of the treponemata isolated by Dr. Smith on medium of the same composition as that used in the original experiments, but using rabbits' instead of human blood, had also been unsuccessful. It seemed possible-in view of Dr. Smith's ready success in producing lesions in man by injections of culture, and also of the virulence exhibited by the parasite, which, if not identical with T. schaudinni, was certainly very closely allied-in the leg lesions and ulcers of pigs, that certain animals were much more susceptible than others. The difficulties of producing experimental ulcers had been noted by other workers, e.g., Strong and Shattuck, in Brazil, who found that ulceration could be produced by the experimental inoculation of T. schaudinni into dogs, only after the tissues were damaged or bruised in some way.
Dr. J. NEIL LEITCH referred to some investigations recently made in Kenya under the Rowett Research Institute. The incidence of tropical ulcer was not correlated with that of malaria or syphilis, but might be modified by parasitic infestation. It appeared to be closely associated with malnutrition, and seldom occurred in meat-and milk-fed tribes.
The occurrence of ulcer was associated with low blood-pressure, low hemoglobin index, and abnormal levels of blood-calcium and phosphorus. Both calcium and phosphorus were higher than in normal natives, the phosphorus markedly so. Since the level of blood-calcium in normal natives was lower than that in Europeans, and since the higher blood-calcium in ulcer cases was not associated with any improvement in condition over normal cases, it was probably associated with the high blood-phosphate. Analysis of the diet of these natives showed it to have a deficiency of calcium (and a marked relative surplus of phosphorus) as compared with the level shown to be necessary for calcium equilibrium.
In Sierra Leone he had assisted Dr. R. A. Elliott in Schick-testing a large number of natives. Only one Schick-positive reactor was found in twenty ulcer cases tested, whereas similar types without ulceration showed a much larger number of Schick-positive. A Klebs-Loeffler infection had been found in other tropical ulcers, e.g., Barcoe rot and veld sore. Both the diphtheria bacillus and Vincent's organism which occurred in throat infections in temperate climates were skin infectors in tropical climates. He believed the most important factor in causation to be defective diet. In addition to mineral sufficiency, fat-soluble vitamins were most effective in producing a cure.
Dr. E. C. SMITH (in reply) said that the President's remarks with reference to the disease in pigs suggested the use of these animals for experimental purposes.
He (Mr. Smith) had no experience of treatment by sulfarsenol as mentioned by Sir Aldo Castellani. With regard to the method of infection, that always seemed to be a direct one, through an abrasion or minor injury.
In reply to Dr. Stannus, he thought that for economic reasons the electroplast treatment was not advisable in West Africa. No antigen had been prepared in Lagos, but as some of the successful inoculations had been performed in natives who had suffered from tropical ulcer, it would seem that there was no immunity present. Spirochietes were not found to reappear in anaerobic cultures of B. fusiformis grown anaerobically.
He was grateful to Dr. Fairley for his suggestion of testing the activity of filtered cultures and he proposed to try this as soon as an opportunity offered.
Dr. Robertson's query as to whether there was a diminution of virulence resulting from cultivation could probably be answered positively, though of course there had been no means of making inoculations in humans whilst in England. Host specificity undoubtedly existed, as experiments made in animals in Lagos (rabbits, white rats, guinea-pigs, monkeys) were in the main unsuccessful.
Dr. Leitch's remarks were more or less borne out by the work of Dr. McCulloch in Nigeria. He (Dr. Smith) thought it advisable not to regard dietetic deficiency as a complete explanation of tropical ulcer, until the organism involved had been demonstrated to be non-pathogenic. Pure cultures were, of course, essential.
